In this communication, we present a class of Brans-Dicke-like theories with a universal coupling between the scalar field and the matter Lagrangian. We show this class of theories naturally exhibits a decoupling mechanism between the scalar field and matter. As a consequence, this coupling leads to almost the same phenomenology as general relativity in the Solar System: the trajectories of massive bodies and the light propagation differ from general relativity only at the second post-Newtonian order. Deviations from general relativity are beyond present detection capabilities. However, this class of theories predicts a deviation of the gravitational redshift at a level detectable by the future ACES and STE/QUEST missions. Introduction.-Theories with both scalar/curvature and scalar/matter couplings generically appear in (gravitational) Kaluza-Klein theories with compactified dimensions [1, 2] and in string theories at the low energy (tree level) limit [1, 3] ; but also in f (R) gravity [4] [5][6], in BransDicke theories [7, 8], in massive theories of gravity [9], or in the so-called MOG (MOdified Gravity) [10] . From a more phenomenological point of view, it seems that some restrictions such as gauge and diffeomorphism invariances single out such types of theories as well [11] . Moreover, cosmological observations of Dark Energy are quite often explained by a scalar field [12] and the inflation paradigm also introduces such a field [13] . Finally, variations of the constants of Nature (such as the fine structure constant [14] for example) are usually modeled with a scalar field [1, 15] .
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However, the introduced scalar field is subject to very severe constraints coming from Solar System observations. In particular, constraints on the equivalence principle [16] , on the inverse square law [17] , on the postNewtonian Parameters [18] , as well as various other observables [19] , seem to impose a very low scalar/matter coupling or to require some sort of decoupling mechanisms for those theories in order to be viable. Therefore, several mechanisms have been proposed to screen the scalar field or to naturally decouple it from matter. For instance, at the tree level of string theories, while the dilaton seems to be massless, it is often assumed that the dilaton would acquire a (large enough) mass by some unknown mechanism [20, 21] in order to avoid a scalar component of gravitational interaction of massive bodies. This mechanism may originate from nonperturbative effects [22] . Indeed, the fact that the scalar field acquires a mass is a way to freeze its macroscopic dynamics [20, 23] . Other self-interaction potentials may solve the problem as well but they often lead to other difficulties [24, 25] . However, in string inspired scalartensor theories [1] , it has been argued that some dynamical mechanisms not requiring any self-interaction of the scalar-field (such as a potential) could also decouple the scalar-field from the material fields through the evolution of the Universe [21, 26] . The idea takes its root from a similar decoupling arising in Brans-Dicke like scalartensor theories where the scalar-field dynamically decouples from gravity through the evolution of the Universe too [27, 28] .
Screening mechanisms are another way to reduce the effects of the scalar field in some regions of space [29] .
A screening mechanism appears in chameleon theories [30] where the scalar field becomes massive in high matter density area like the Solar System while being massless at cosmological scales. A similar effect appears in symmetron theories where a symmetry is spontaneously broken in low matter density regions leading to very different behavior in the Solar System and at cosmological scales [31] . Finally the Vainshtein mechanism [32] appearing in massive gravity [33] allows the scalar field to be hidden under a certain length scale.
In this communication, we present a class of scalartensor theories of gravity with a universal coupling between the scalar field and the matter lagrangian that naturally leads to a decoupling of the scalar field in regions where the pressure of the gravitational sources is significantly lower than their energy densities. A consequence of the decoupling of the scalar field from matter is that the trajectory of test masses are identically the same as in general relativity (GR) at the 1.5 post-Newtonian (PN) approximation. Moreover, using the geometric approx-imation, we show that the propagation of light follows null geodesics. Therefore, this theory encompass all current post-Newtonian tests of gravity. Nevertheless, this theory predicts a deviation of the gravitational red-shift from GR at the level of 10 −6 which can be detected by ACES [34] and STE-QUEST [35] .
Action and Post-Newtonian metric.-In the theory presented, the scalar field is both coupled to the curvature and to the standard matter Lagrangian. The action considered here is a particular case of the more general action presented in [36] :
where g is the metric determinant, R is the Ricci scalar constructed from the metric g µν , L m is the material Lagrangian, α is a coupling constant and Ψ represents the non-gravitational fields. It should be noticed that the coupling considered here is different from the coupling appearing in standard Brans-Dicke scalar-tensor theory [27, 37, 38] or from the compactification of KaluzaKlein theories [2] . One defines the stress-energy tensor as follows:
Therefore, assuming that the Lagrangian L m does not depend on the derivatives of the metric, one gets the following field equations:
and
According to [39] , in order to satisfy the conservation of the matter fluid current (∇ σ (ρU σ ) = 0, where ρ is the rest mass density and U α the four-velocity of the fluid), a perfect fluid Lagrangian reduces to
ρ 2 dρ is the total energy density of the fluid, and P is the barotropic pressure of the fluid. Considering that the trace of the perfect-fluid energy tensor is T = −ǫ + 3P , equation (4) can be written as
Therefore, there is a total decoupling of the scalar field in pressure-less regimes such as during the matterdominated era of the cosmological evolution. In addition, there is a partial decoupling in regimes such that ǫ ≫ P , or equivalently ρ ≫ P/c 2 . The Solar System is in the latter situation. For instance, assuming a mean pressure inside the Earth of 100 GPa [40] , one gets c −2 P Earth /ρ Earth ∼ 10 −6 . In the standard post-Newtonian gauge, the metric can be parametrized by a potential w, a vector potential w i and the post-Newtonian parameters γ and β
Introducing this metric in the field equations (3) and (5) results in γ = β = 1 and
where w GR and w i GR are the expressions of the potentials predicted by GR (their expressions can be found in [18] ), 8πG eff ≡ c 4 α/ √ Φ 0 , Φ 0 the background value of the scalar field and ω 0 ≡ ω(Φ 0 )
1 . From (7a) and (6), one can see that the metric characterizing the considered theory differs from the GR metric at the 1PN level by a 1/c 4 term in the temporal component of the metric.
The solution of the scalar field equation (5) can be written as
where
Motion of massive particles.-We have seen that the low-field metric deriving from action (1) differs from GR at the 1PN level. However, massive particles are no longer inertial and do not follow geodesics because of the coupling with the scalar field. The invariance of action (1) under diffeomorphisms leads to the following conservation equation
The stress-energy tensor of non-interactive test particles is T αβ = c 2 ρ U α U β , where U α = dx α /dτ -τ is the proper time of the fluid's elements. Then, noting that the material Lagrangian reduces to L m = −c 2 ρ and the matter fluid current is conserved ∇ σ (ρU σ ) = 0 [39] , one gets
The left part of this equation is the standard geodesic equation while the right part is a non inertial acceleration coming from the scalar coupling. The modification of the acceleration of massive test particles with respect to GR comes from both the modification of the metric given by (7a) and the non-inertial acceleration caused by equation (10) . In the timecoordinate parametrization, the free-fall equation reads:
where a i GR is the standard relativistic acceleration. The relation (8) shows there is an exact cancellation between the non-inertial acceleration a NI (a
∂iφ Φ ) and the part of the inertial acceleration coming from the modification of the metric a δw (a i δw ≡ c −2 ∂ i δw). Therefore, the trajectories of massive test particles are the same as in GR at the 1.5 post-Newtonian order even though they are not following geodesics anymore. As a consequence, the accuracy of current observations of bodies in the Solar System cannot constrain or test this theory.
The Nordtvedt effect.-The Nordtvedt effect [41, 42] describes a violation of the strong equivalence principle in alternative metric theories of gravitation. This effect is manifest through the dependence of the gravitational mass of a body to its gravitational self-energy [18] . The original approach of Nordtvedt [41, 42] considers pressure-less material fields. However, for pressureless gravitational sources, the scalar-field of the present theory has no source and therefore one cannot expect any (Nordtvedt) effect. Hence, one has to deal with the hydrodynamic formalism described by Will in [43] . In the case of the present theory, one can show that even when considering a general perfect fluid stress-energy tensor, the hydrodynamic equations are the same as in GR at the first post-Newtonian level. This is due to the exact cancellation discussed in the previous section. Therefore, the current theory does not lead to a Nordtvedt effect at the first PN order (ie. η N = 0).
Trajectories of photons.-Introducing the electromagnetic Lagrangian in the action (1) and varying this action with respect to the four-potential A µ leads to the modified Maxwell equations. In the vacuum, these equations reduce to
where F µν = A ν,µ − A µ,ν is the standard Faraday tensor. Following the analysis made in [44] , we expand the fourvector potential as
The introduction of this expansion in (12) and the use of the Lorenz gauge, lead to the usual null-geodesic equation at the geometric optic limit (k σ ∇ σ k µ = 0 and k µ k µ = 0 where k α ≡ ∂ α θ). Therefore, as in GR, photons follow null geodesics at the geometric optic limit in the considered theory. Hence, the modification of the trajectory of light produced by the scalar field coupling comes only from the modification of the metric. But we have seen in (7a) that the numerical amplitude of the correction of the metric is of the order of 1/c 4 . Current measurements of light deflection are not sensitive to second postNewtonian effects in light propagation 2 (see [45, 46] and references therein). Therefore, we deduce that the theory under study here is not constrained by current Solar System experiments involving light propagation. In particular, contrary to the standard Brans-Dicke theories, the Cassini measurement of the post-Newtonian parameters γ [47] does not constrain this theory which predicts γ = 1. However, several space mission projects aim at reaching an accuracy sufficient to detect the second post-Newtonian effects on the light propagation (see [45, 46, 48] and references therein). Such experiments may be able to put constraints on the parameters of the present set of theories.
Gravitational redshift.-Since the metric is modified from GR at the 1PN level, the gravitational redshift will be altered consequently. A quick calculation based on the relation (7a) shows that the gravitational redshift can be written as
where ∆ν/ν is the relative shift between two identical frequency standards placed at rest at different heights in a static gravitational field. The relative deviation from GR is of the order P/c 2 ρ which is about 10 −6 for the Earth. Measurements of the gravitational redshift with high accuracy may allow constraints on the value of ω(Φ 0 ). So far, the most precise measurement of the gravitational redshift is due to the Gravity Probe A experiment [49] . It confirmed the prediction of GR with a relative accuracy of 10 −4 . ACES [34] aims to measure the gravitational redshift at the level of 10 −6 . Therefore, ACES will be at the limit to see a deviation from GR predicted by the present theories if ω(Φ 0 ) ∼ 1. In addition, STE-QUEST [35] aims to test the gravitational redshift at the level of 10 −7 . Therefore, this mission will be able to constrain ω(Φ 0 ). Conclusion.-In this communication, we presented a class of scalar-tensor theories of gravity with a universal coupling between the scalar field and the matter Lagrangian. This type of coupling is not the same as the one appearing in standard Brans-Dicke theory [27, 37, 38] . In the kind of theory described by the action (1), a decoupling mechanism naturally occurs between the scalar field and matter when the pressure of the gravitational sources is significantly lower than their energy densities. The post-Newtonian metric differs from the GR one by a term of order 1/c 4 in the temporal part of the metric. Nevertheless, test masses do not follow geodesics and experience an additional acceleration due to the coupling of the scalar field. It turns out that this additional force compensates exactly the modification of the equations of motion due to the modification of the metric. Therefore, test masses follow the same trajectory as the one predicted by GR at the 1.5PN order. Moreover, the light propagation differs from GR at the 2PN order, which is below the current detection ability. Finally, the gravitational redshift measured by clock rates in different positions in the gravitational potential leads to a deviation from GR detectable in the near future with the ACES and STE/QUEST missions.
Since this theory satisfies all current Solar System tests, it would be particularly interesting to study its behaviour at the cosmological level and see if this kind of theory can naturally explain the acceleration of cosmic expansion or the inflation. The strong field regime can also lead to other independent constraints to the theory considered here. Therefore, it would be very interesting to study the non-perturbative strong field effects as done in usual scalar-tensor theories [50] and test the predictions of the considered theory with binary pulsar experiments [51] or gravitational wave detections [52] .
This class of theories also shows that GR can be confirmed by some experiments while being invalidated by some others at the same level of relative accuracy. Hence this kind of theory justifies to test gravitation with experiments related to very different physical processes (such as free fall and gravitational redshift). 
